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Summary
Objectives: Independent reports on the longitudinal performance of non-ﬂuoroscopic ﬁxed-ﬂexion knee radiography have not been published.
Therefore, we evaluated the sensitivity of ﬁxed-ﬂexion radiography to detect knee joint space narrowing (JSN) over 2 years in patients with
osteoarthritis (OA) and compared the effect of reproducibility and quality of medial tibial plateau (MTP) alignment on sensitivity to JSN.
Methods: Fixed-ﬂexion radiographs of both knees of 193 OA patients were obtained at baseline and after 24 months. Minimum joint space
width (JSW) of the medial tibiofemoral joint spaces was measured manually in paired digitised radiographs without knowledge of the chronol-
ogy. The degree of MTP alignment was assessed by measuring the distance between the anterior and posterior margins of the MTP (inter-
margin distance [IMD]). Accurate repositioning was achieved if, in the 24-month radiograph, the IMD was reproduced to within 1 mm. The
quality of MTP alignment was satisfactory if the IMD was 1 mm.
Results: The mean (standard deviation [SD]) JSN between baseline and 24 months was 0.18 (0.49) mm and the standardised response mean
(SRM) was 0.37. The SRM was 0.36 in the knee ﬁlm pairs (86%) in which the IMD was accurately reproduced after 24 months and 0.52 in the
ﬁlm pairs (42%) with satisfactory MTP alignment on both the baseline and 24-month radiographs.
Conclusion: The sensitivity to radiographic JSN on ﬁxed-ﬂexion knee radiographs over 2 years was higher in satisfactorily aligned than accu-
rately reproduced serial pairs of radiographs. These ﬁndings have implications for longitudinal knee OA studies using ﬁxed-ﬂexion radiographs.
ª 2006 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.
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At present, measurement of the medial tibiofemoral joint
space width (JSW) on serial standard radiographs, as a
surrogate for the thinning of articular cartilage, remains the
recommended outcome measure for longitudinal studies
on progression of knee osteoarthritis (OA). Several proto-
cols have been developed in order to standardise the radio-
anatomic position of the knee during serial radiographic
examinations1. The standardised views that have been
most widely evaluated include the ﬂuoroscopically assisted
semiﬂexed anteroposterior (AP)2 and Lyon Schuss views3
and the non-ﬂuoroscopic semiﬂexed metatarsophalangeal4
and ﬁxed-ﬂexion posteroanterior (PA) views5.
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Received 23 April 2006; revision accepted 9 September 2006.35These protocols have led to better short-term reproducibil-
ity of JSW measurements in repeated radiographs taken
within a few days than the conventional AP view1. However,
the reproducibility after a longer time period is more difﬁcult.
Therefore, there is a need for protocols that allow detection
of change in JSW over time, which is crucial in longitudinal
studies or trials in patients with knee OA. Several studies re-
ported on the longitudinal performance of some of the proto-
cols in detecting joint space narrowing (JSN) over time in
patients with knee OA6e9. Independent reports on the longi-
tudinal performance of the non-ﬂuoroscopic ﬁxed-ﬂexion
knee radiography method, however, have not yet been pub-
lished. This is important since protocols that do not require
ﬂuoroscopy are preferred due to practical, ﬁnancial and
above all ethical reasons related to radiation exposure.
Previous studies have shown the importance of superim-
position of anterior and posterior margins of the medial tibial
plateau (MTP) on serial knee radiographs on the rate and
the sensitivity to JSN9,10. However, satisfactory MTP align-
ment to within 1 mm was introduced as a quality control
measure in ﬂuoroscopic radiography11. When using non-
ﬂuoroscopic protocols, the relevance of this criterion and0
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portant feature of a non-ﬂuoroscopic protocol is that it
should reposition the knee similarly from one visit to the
next. Therefore, the sensitivity to JSN may be more depen-
dant on the reproducibility of MTP alignment than on it being
within the 1 mm threshold.
Our aim was to evaluate the sensitivity of the non-
ﬂuoroscopic ﬁxed-ﬂexion protocol to detect radiographic
JSN over 2 years in the knees of patients with OA and to
compare the effects of the reproducibility and the quality
of MTP alignment on the sensitivity to JSN in serial ﬁxed-
ﬂexion knee radiographs.
Methods
PATIENTS
Patients are participants of the Genetics, Arthrosis and
Progression (GARP) study, a prospective longitudinal co-
hort study aimed at identifying determinants of OA suscep-
tibility and progression. The study is based on sib pairs of
Caucasian Dutch ancestry with OA at multiple sites. Details
of recruitment, selection procedures and inclusion into the
GARP study have been described12. Brieﬂy, probands
and their siblings, with OA at multiple sites in the hands
or at two or more of the following joints sites: hand, spine
(cervical or lumbar), knee or hip, were included after giving
informed consent. Sibling pairs with at least one subject
with symptomatic hip or knee (not radiological end stage)
OA were eligible for the 2-year follow-up study.
KNEE RADIOGRAPHS
The standardised non-ﬂuoroscopic ﬁxed-ﬂexion protocol
was used in a single centre to obtain PA weight bearing ra-
diographs of right and left knees at baseline and after 24
months5. A single experienced radiographer employing
this protocol took all the radiographs using a ﬁxed ﬁlm-focus
distance of 1.30 m. For assessment of radiographic severity
of knee OA at baseline, all knee radiographs were scored
by a single musculoskeletal radiologist (HMK) according
to the KellgreneLawrence (KL) method13. For a semi-quan-
titative assessment of radiological OA (ROA) progression,
medial tibiofemoral JSN was scored (0e3) according to
the Osteoarthritis Research Society International atlas14.
MEASUREMENT OF JSW
Minimum JSW of the right and left medial tibiofemoral
joint spaces was measured by one trained examiner (SB)
in digitised radiographs using a computerised manual tech-
nique. All knee radiographs were digitised using a ﬁlm digi-
tiser at a resolution corresponding to a pixel size of 0.1 mm.
After image calibration, digital callipers of a medical imaging
program (Ortho-CMS, Medis, Leiden) were used with the
help of the computer mouse to measure the interbone dis-
tance at the perceived narrowest point of the joint space.
The distance in mm was shown on the screen next to the
callipers. All images of one patient were measured concur-
rently, with landmarks, but without knowledge of the
chronology.
The long-term intraobserver reproducibility of JSW mea-
surement using the ﬁxed-ﬂexionprotocol for knee radiography
was excellent, with an intra-class correlation coefﬁcient of
0.98 and a smallest detectable difference (SDD) of 0.50 mm.
The intraobserver reproducibility of JSW measurementswas based on repeat radiographs with a 6-month interval
between examinations. This analysis was performed in a
random sub-sample of 90 knees (45 patients) without pro-
gression in medial JSN after 24 months, based on a semi-
quantitative (0e3) evaluation of JSN.
MTP ALIGNMENT
The degree of alignment of the MTP and the X-ray beam
was assessed by measuring the vertical distance between
the anterior and posterior margins of the MTP (intermargin
distance [IMD])10 (Fig. 1). The IMD was measured with the
same digital callipers mentioned above in the region where
JSW was the narrowest as described by Mazzuca et al.7.
STATISTICAL ANALYSES
Knees without (KL 0e1) and with evidence of ROA (KL
2) at baseline were evaluated separately. All knees with
a knee replacement at baseline or at 24 months were ex-
cluded from the present analyses.
To evaluate the sensitivity to detect JSN, we used the
standardised response mean (SRM), calculated as the
mean change between 2 years and baseline divided by
the standard deviation (SD) of the change15. A higher
SRM indicates a higher sensitivity to change.
For all knee ﬁlm pairs the reproducibility of MTP align-
ment, assessed by the IMD, was described using Spear-
man’s correlation coefﬁcients. Accurate repositioning was
achieved if, in the 24-month radiograph, the IMD was repro-
duced to within 1 mm (i.e., the difference between the IMD
in baseline and 24-month radiographs was 1 mm). The
quality of MTP alignment at baseline and at 24 months
was deﬁned as satisfactory if the IMD was 1 mm.
In order to compare the effects of the reproducibility and
quality of MTP alignment on sensitivity to change, SRMs of
ﬁlm pairs with accurate repositioning were compared with
SRMs of ﬁlm pairs with satisfactory alignment on both the
baseline and 24-month radiographs.
Fig. 1. Radiograph of the medial compartment of the knee showing
unsatisfactory MTP alignment with displacement of the anterior and
posterior margins of the MTP (arrows) that results in an IMD of
1 mm.
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STUDY POPULATION
Of the 210 patients included at baseline, 193 patients
(386 knees) completed the 2-year follow-up (92%). The me-
dian age at baseline was 59.6 years and the majority of pa-
tients were women (80%) with a median body mass index of
25.7 kg/m2. At baseline, 256 knees of 159 patients had a KL
grade of 0e1 (97 patients with bilateral KL 0e1 knees), 126
knees of 92 patients had a KL grade of 2 (34 patients with
bilateral KL 2 knees) and four knees of four patients had
knee replacements. During the 24-month follow-up period,
another four knees from four patients received a joint re-
placement and were therefore excluded from the present
analyses. Of the 256 KL 0e1 knees at baseline, 15
(5.9%) and of the 122 ROA (KL 2) knees, 16 (13.1%) pro-
gressed with one or more grade in medial tibiofemoral JSN
over the 24-month follow-up.
SENSITIVITY OF FIXED-FLEXION PROTOCOL TO JSN
In the 378 followed knees, the mean (SD) JSN between
baseline and 24 months was 0.18 (0.49) mm (SRM was
0.37) (Table I). The mean (SD) JSN was 0.16 (0.48) mm
(SRM 0.33) in the 256 knees that were KL 0e1 at baseline
and 0.21 (0.52) mm (SRM 0.40) in the 122 baseline ROA
knees (KL 2).
REPRODUCIBILITY AND QUALITY OF MTP ALIGNMENT
There was a strong correlation between the IMD in the
baseline and 24-month radiographs (r¼ 0.83, P< 0.0001).
The IMD in the baseline radiograph was accurately repro-
duced to within 1 mm in 325 (86%) of 378 24-month radio-
graphs (Table I). Satisfactory MTP alignment, deﬁned by an
IMD of 1 mm, was achieved in 190 (50.3%) of the knees at
baseline and in 193 (51.1%) at 24 months. Of all knees, 160
(42.3%) were satisfactorily aligned at baseline as well as at
24 months (Table I).
EFFECT ON SENSITIVITY TO JSN
Higher SRMs were found in the ﬁlm pairs with an IMD of
1 mm on both the baseline and 24-month radiographs
than in the ﬁlm pairs in which the IMD was accurately re-
produced after 24 months. In the knee ﬁlm pairs in whichthe IMD was accurately reproduced after 24 months, the
mean (SD) JSN between baseline and 24 months was
0.17 (0.47) mm and the SRM was 0.36 (Table I). In the
knee ﬁlm pairs with an IMD of 1 mm on both the baseline
and 24-month radiographs, the mean (SD) JSN between
baseline and 24 months was 0.23 (0.44) mm and the
SRM was 0.52. Similar results were found in the subanaly-
ses concerning KL 0e1 and ROA knees.
Discussion
The present study evaluates the sensitivity to detect JSN
on serial knee radiographs when using ﬁxed-ﬂexion radiog-
raphy in patients with OA. Our results show that ﬁxed-
ﬂexion radiography allows detection of change in JSW
over 2 years. MTP alignment could be reproduced in large
proportion of paired radiographs taken after 24 months.
However, the quality and not so much the reproducibility
of MTP alignment on serial radiographs increased the sen-
sitivity of ﬁxed-ﬂexion radiography to JSN. Therefore, it
seems that accurate repositioning of the knee joint is not
sufﬁcient for the best sensitivity to change, but that serial
satisfactory MTP alignment with an IMD 1 mm should be
achieved as well.
The ability to detect change in JSW with the ﬁxed-ﬂexion
protocol is encouraging. Non-ﬂuoroscopic protocols require
less expensive radiographic equipment and less training of
personnel than ﬂuoroscopic positioning and would therefore
be preferred in future OA studies. In the previous compara-
tive study by Mazzuca et al.7 in patients with knee OA, there
was a small increase (þ0.09 (0.66) mm, SRM 0.21) in the
mean (SD) JSW over 14 months using the non-ﬂuoroscopic
metatarsalphalangeal protocol compared to a decrease
(0.09 (0.31) mm, SRM 0.29) when using the ﬂuoroscopi-
cally assisted semiﬂexed AP protocol. For the ﬂuoroscopi-
cally assisted Lyon Schuss protocol, a mean (SD) JSN
rate of 0.24 (0.50) mm (SRM 0.48) over 24 months was re-
ported6. It is difﬁcult to compare the results on rate and sen-
sitivity to change obtained with the different standardisation
protocols since they differ with regard to JSW measurement
procedure, duration of follow-up as well as number and
characteristics of knees analysed. Therefore, one cannot
be certain which procedure is most sensitive.
In the present study, the sensitivity to JSN was higher in
satisfactorily aligned serial pairs of radiographs. This ﬁnding
is consistent with previous studies with standing AP10 andTable I
Sensitivity of the fixed-flexion protocol to JSN over 2 years in normal and ROA knees according to the reproducibility and the quality of MTP
alignment
No. of ﬁlm pairs Baseline JSW, mean (SD) JSN (mm), mean (SD) SRM*
All knees 378 3.99 (1.15) 0.18 (0.49) 0.37
IMD accurately reproducedy 325 (86%) e 0.17 (0.47) 0.36
Serial satisfactory MTP alignmentz 160 (42%) e 0.23 (0.44) 0.52
Normal knees 256 4.23 (0.09) 0.16 (0.48) 0.33
IMD accurately reproduced 222 (87%) e 0.15 (0.43) 0.35
Serial satisfactory MTP alignment 103 (40%) e 0.20 (0.40) 0.50
ROA knees 122 3.46 (1.41) 0.21 (0.52) 0.40
IMD accurately reproduced 103 (84%) e 0.21 (0.53) 0.40
Serial satisfactory MTP alignment 57 (47%) e 0.29 (0.52) 0.56
*SRM, calculated as the mean change between 2 years and baseline divided by the SD of the change.
yAccurate repositioning was achieved if on the 24-month radiograph the IMD was reproduced to within 1 mm (i.e., the difference between
the IMD in baseline and 24-month radiographs was 1 mm).
zSatisfactory MTP alignment, deﬁned as an IMD of 1 mm, on baseline and 24-month radiographs.
353Osteoarthritis and Cartilage Vol. 15, No. 3LyonSchuss9 radiographic views. The remarkable additional
ﬁnding in our study was that accurate repositioning alone did
not have the same effect on the sensitivity to JSN.
These ﬁndings suggest that when using the non-
ﬂuoroscopic ﬁxed-ﬂexion protocol in future studies in knee
OA, quality assessment by an independent observer with
evaluation of the quality of MTP alignment is essential. If
these results are conﬁrmed in other data sets, it may
have implications for the use of non-ﬂuoroscopic protocols
in future studies on knee OA progression.
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